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Chairwoman Giffords, Ranking Member Olson, and Merslof the Subcommittee, thank
you for the opportunity to appear before you tottagrovide a NASA perspective on the
emerging use of biofuels for aviation, including thgency’s current research in this area.

Growth in the air transportation system is vitathe economic wellbeing of our nation. In
order to meet the projected growth in aviationpgigant challenges must be overcome
including environmental sustainability. NASA isnchucting cutting-edge research to
dramatically improve aircraft efficiency and reviddunize aircraft operations in the national
airspace system, both of which will reduce the emmental impact of aviation. An
emerging technology area that has attracted comditteattention recently is the use of
renewable energy sources such as aviation biofugtsfuels offer the potential for a
significantly reduced carbon footprint over theienlife cycle, from fuel production to
utilization. Current NASA research on increasimgraft efficiency and operational
procedures, coupled with the use of biofuels, prissea possibility to dramatically reduce the
carbon footprint for the aviation sector despite pinojected growth.

The first generation of biofuels, such as thoselpced from soybean and corn, is derived
from food products and requires large landmasSesond generation biofuels from energy
crops such as switchgrass and woody feedstocksHiglver productivity and smaller land
use. The second and third generation of biofyetsjuced from jatropha, camelina, algae,
and halophytes, appears to impact much smallentasdes and is not derived from food
products, which is the reason for strong world-witterest for this class of materials.

NASA recognizes the importance of biofuels for filmeire of aviation and in 2007 initiated a
modest research effort that builds upon the exgstxpertise in fuel chemistry and
processing, combustion, and gas turbine enginaddeess some of the challenges associated



with the application of these fuels for aviatiddowever, NASA also recognizes that the
widespread use of biofuels for aviation will regu& concerted effort by multiple
government agencies, aerospace industries, academdidiofuel producers. The need for a
coordinated approach to enabling new fuel souscégyhlighted as one of the goals of the
National Plan for Aeronautics Research and Devetyrand Related Infrastructure. As
noted in the plan, the Commercial Alternative AwaatFuels Initiative (CAAFI) is
coordinating development and commercializationdsbp-in” alternative aviation fuels and
is considering the feasibility, production, and ieonmmental footprint - “well to wake” - of
these fuels.

Challenges

While recent successful flight tests, including &ieNew Zealand flight demonstration in
December 2008, the Continental airlines flightamJary 2009, and the JAL flight in January
2009, have shown the feasibility of using blendgbfuel and different types of biofuels
under controlled conditions, several technical @oghomic barriers remain for widespread
use of biofuels in the aviation sector. The chmgks can be grouped into two categories:
biofuel production and application of biofuels. 8i@f the NASA research in this domain
focuses on issues related to the application dtible.

The major question related to the production ofusts is whether they can be made
sustainably, economically and at a scale suffidierstupport the aviation industry. It is
NASA’s opinion that additional basic and appliedaarch will be required to scale up the
process for producing large quantities of biombhas @&re economically viable and
sustainable. This will require understanding thetdrs affecting the growth of biomass and
translating that understanding to increase progiess. In addition, production processes
that reduce energy use during the biomass to Hiohresersion process must be developed
towards the goal of carbon neutrality, which carableieved for the entire life cycle
encompassing production and utilization of biofuels

There are uncertainties related to the applicaifdsofuels for aviation because of the
extremely limited amount of testing conducted ttedaith these fuels. For alternative fuels
not produced by the Fisher Tropsch (F-T) procémskhowledge base of the characteristics
and qualities of these fuels is incomplete, andyradnhe challenges may not be known yet.
In order to understand these challenges, foundatresearch is required in many areas. We
need to study the combustion process using alteenfatels and understand whether the
combustor performance is different from that achtewhen jet fuel is used. Of particular
concern is the long-term performance of combustadsturbine engines burning alternative
fuels. Because nitrogen oxide (Nrauses ground-level smog and contributes toraaig
the compatibility of alternative fuels with advadceltra-low NGQ, combustor designs must
be addressed as well.

Research will be needed to understand both gasewliarticulate matter emission
characteristics from engines so that alternatie¢sfaan be optimized for reducing emissions.



The other unknown is the effect of alternative $ugh the long-term durability of engine
components, including advanced fuels from coalraatdral gas.

The impact of the use of alternative fuels on aiitcsafety is another area that needs further
study. Flight tests with a blend of jet fuel andfbels to date have been conducted under
controlled conditions and have not yet indicateyd major safety issues. However, one
potential safety issue is leaks and degradatiaeals in the aircraft fuel system because of
the lower aromatic content of alternative fuels paned to that of jet fuel, which affects the
expansion coefficient of seals. Any potential, xpexted degradation of engine components
when alternative fuels are used could pose sadsties. Foundational research on the effect
of alternative fuels on engine performance (inatgdtontrol system) and degradation of
engine materials is required to identify potersiidety issues and develop mitigation
strategies.

Current NASA Research

NASA is conducting long-term foundational reseahinderstand the effects of various
alternative fuels on aircraft engine emissions. 3dAntends to disseminate the results of its
research to the greatest extent possible, andsentercollaborative relationships with other
organizations such that the results will beneft wider community. Research includes
laboratory combustion testing under controlled ¢tols and ground engine testing under
simulated flight conditions. NASA has recently nfmdl several laboratory-scale
combustion facilities to study combustion performeand emission characteristics with
different types of alternative fuels and blendaltéérnative fuel with Jet-A. Research
conducted in these facilities will provide the muweded emission data for alternative fuels
as well as improved understanding of factors afigagaseous and particulate emissions
with the use of alternative fuels. An importardti@e of NASA'’s research is to understand
the effect of alternative fuels on both gaseousparticulate emissions for advanced
combustor designs that are being developed to eeN@; for future generations of aircratft.

All of NASA'’s research efforts on alternative fuétsdate have been focused on the
application of synthetic jet fuel produced fromurat gas and gasification of coal and
conversion of the gases to liquid fuel by the Frdcgess. Current research using F-T fuel is
providing valuable insight into emission characics of alternative fuels. We are also
studying ignition times, flame speeds, and chenkoadtics. These are parameters which
affect the design of new combustors. As the ségemeration of biofuels becomes
available, there is a need for research to undetsteese parameters for biofuels as well so
that we can effectively design new low-emission bastors that are fuel-flexible.  The
understanding, coupled with improved emission mtézh models, will enable the design of
advanced, ultra-low emission engines with the Béity to operate with a mix of fuels that
range from blends of jet fuel with biofuel to 10€rpent biofuel. Several examples of the
type of alternative fuels testing conducted by NA&A provided below.

NASA, in partnership with industry, is conductinggie tests with alternative fuel to
understand the emission characteristics. In 2R@&A partnered with Pratt and Whitney to



study emissions from a geared turbofan enginewhatrun with a blend of jet fuel and F -T
fuel. The tests indicated that there was no sicanit difference in gaseous emissions, while
confirming the benefits of F-T fuel in reducing pewlate emissions. Initial results from
these tests were presented at the Fundamental &ércsm Program Second Annual Meeting
held in Atlanta on October 7-9, 2008, and NASA wibld a workshop later this year to
widely disseminate the resultk another collaboration with Pratt and Whitney th.S. Air
Force Research Laboratory, Aerodyne, United Teduies Research Center, and NASA
studied emissions from a PW308 turbofan enginewitim 100-percent F-T fuel and a blend
of jet fuel and F-T fuel. This study provided dietd understanding of the nature of
particulate emissions resulting from the combustibR-T fuel under engine operating
conditions.

Recently, in January 2009, NASA, in partnershighvilil. other organizations that include the
Federal Aviation Administration, U.S. Air Force Rasch Lab (AFRL), Environmental
Protection Agency, Boeing, GE Aviation, and Prati&itney, conducted ground tests using
a NASA-owned DC-8 plane to study emissions fromimegburning alternative fuel, which
included two 100 percent F-T fuels and blends bfyel with the two F-T fuels. The test
provided data that will improve understanding @& #volution of particulate emission and
plume chemistry for engines burning alternativd.fue

In addition to extensive experience in testing andlysis, NASA has expertise in multi-scale
modeling of fluid mechanical processes. This isdpeecognized by the private sector
engaged in the development of large scale procésssgsowth of the second generation
biofuel biomass source material (such as algaéhalophytes). In order to meet the
challenges of large-scale production of second rggio@ biofuel biomass economically, the
fluid mechanical processes which transport nutsi@nid waste in the bioreactor need to be
understood and modeled. The models can then blgedao design improved bioreactors
that can reduce the cost of biomass productionSA#/ working with industrial partners to
develop multi-scale, fluid-mechanics models th&gnate physical and biological processes
in a bioreactor. NASA has laboratory scale reacsoiitable for validating multi-scale, fluid-
mechanics models to be used for improved bioreadsigns.

Need for Collaboration

NASA believes that long-term, foundational reseamtunderstanding of fuel processing,
combustor and engine performance, durability ofrmgomponents, and emission
characteristics will be required for applicationsecond generation biofuels in aviation.

Realization of the full potential for the applicatiof alternative fuels in aviation requires a
coordinated effort among multiple government agesicaerospace companies, academia,
and fuel producers. This is an area of significattonal importance and will require a
strong national effort.

NASA participates in alternative fuel related raadpping and planning activities that are
underway, most prominently led by the Commerciailafion Alternative Fuels Initiative, or



CAAFI. We also participate in Air Force led effetb develop rules and tools for use in
predicting the life-cycle greenhouse gas emissudradternative fuels and are on the
Advisory Board of FAA’'s PARTNER Center of Excellenahich conducts alternative fuel
emissions and life-cycle studies. We are williagarticipate in this alignment of alternative
fuels activities along with other government ageagindustries, and academia as
appropriate.

These roadmaps are identifying the research, deredat, and demonstration needs, and
defining the roles and responsibilities for mukipgirganizations. Continued participation in
these planning activities will allow NASA to bettwordinate its plans for foundational
research on aviation biofuels. In addition, NASA wontinue to work with the Aeronautics
Science and Technology Subcommittee of the NatiSoance and Technology Council to
ensure that proper research objectives and goalsoardinated at the highest level.

Conclusion

NASA recognizes the high potential of alternatiuel$ for the aviation industry from the
perspectives of protecting the environment and emgthe long-term viability of the fuel
supply. The Agency has initiated research actigsito address some of the major challenges
of alternative fuels development, fully recognizihgt this is an emerging technology area
that will require collaboration on research andelepment among multiple government
agencies, industries, and academia to make biofuedality. NASA believes its expertise
and research capabilities in combustion, turbirggrenperformance, fuel processing,
materials, and computational modeling can be etlias part of a nationally coordinated
research effort to address some of the key chadketitat must be overcome for widespread
use of second generation biofuels in future avmtiBuch research on biofuels will
complement a diverse portfolio of technologies tHASA is working on to improve the
efficiency and reduce the environmental impactwitzon in the future.

| would be happy to respond to any questions yah@iother Members of the Subcommittee
may have.



